a cluster of 11 cases of neonatal sepsis caused by Enterobacter cloacae with similar antimicrobial susceptibility patterns occurred in a neonatal intensive care unit. This outbreak prompted an investigation.
In hospitals, Enterobacter, like many other Gram-negative nosocomial pathogens such as Escherichia coli and Pseudomonas aeruginosa, are involved in autogenous urinary tract infections and respiratory tract colonization. Enterobacter is not a primary human pathogen and infrequently causes serious diseases such as bacteremia and endocarditis. However, like most Enterobacteriaceae, Enterobacter is capable of causing opportunistic infections in patients who are hospitalized or debilitated. In recent years, Enterobacter spp have been recognized as increasingly frequent causes of nosocomial infections. 1 Many of these organisms are resistant to existing antimicrobial agents and are capable of rapidly developing resistance to newer agents. Enterobacter Study of an outbreak of Enterobacter cloacae sepsis in a neonatal intensive care unit:The application of epidemiologic chromosome profiling by pulsed-field gel electrophoresis spp, including Enterobacter cloacae, usually show resistance to broad spectrum β-lactam antibiotics. The use of antibiotic susceptibility patterns for strain differentiation is unreliable, and numerous other approaches have been developed for identification of specific strains within each bacterial species. During the past decade, traditional methods of strain typing, such as biotyping, bacteriophage typing, and serotyping, have been supplemented or replaced by newer molecular technology. These include plasmid fingerprinting, ribotyping, 2 polymerase chain reaction, and analysis of chromosomal DNA restriction patterns by pulsed-field gel electrophoresis (PFGE). 3 A cluster of E cloacae infections with similar antimicrobial susceptibility patterns occurred among preterm neonates in a neonatal intensive care unit (NICU) of Chang Gung Children's Hospital, Taoyuan, Taiwan, from October 1996 to March 1997. An epidemiologic study and chromosome profiling was performed with PFGE to determine whether these infections were caused by a single strain or multiple strains of E cloacae.
MATERIALS AND METHODS

Outbreak and its control
An unusual increase in the number of cases of E cloacae sepsis in the NICU from October 1996 to March 1997 was noted. The study subjects were patients in an NICU with E cloacae nosocomial infection from several anatomic sites, according to the definition of Centers of Disease Control and Prevention. The definition of a case, the case finding methods, and the laboratory techniques used in the identification of organisms remained constant during the pre-epidemic (April 1996 to September 1996) and the epidemic period (October 1996 to December 1996). By comparing the attack rates (number of cases = 7; number of discharges = 99) during the epidemic period, and the pre-epidemic period (0 and 211, respectively), the difference was highly significant (P = .0003, Fisher exact test). An outbreak of neonatal sepsis was ongoing. An investigation began on January 24, 1997, to determine the source of the outbreak. Despite the failure to find a common source, the outbreak was controlled within 5 months by the implementation of strict cohorting, aseptic techniques, comprehensive hand washing, and appropriate antibiotic usage for the treatment of patients with multidrug-resistant bacteremia. No new cases were identified after March 1997.
Molecular biologic study
PFGE was performed according to the method described by Matushek et al. [4] [5] [6] On day 1, the resulting plug of bacteria was incubated overnight at 37°C in 2 mL of lysis buffer. On day 2, the lysis buffer was replaced with 2 mL of proteolysis buffer and the plug incubated with gentle shaking at 56°C overnight. On day 3, a slice of each plug (2.5 mm) was cut. The slices were incubated at 37°C overnight in a solution of 20µL XbaI restriction enzyme and 100µL reaction buffer. On day 4, chromosomal restriction fragments were separated by PFGE with a contour-clamped homogeneous electric field (CHEF- 
RESULTS
During this period, 11 patients were infected with E cloacae. Specimens collected for bacterial cultures included those from ventilators, blood gas analyzers, all sinks, hands of 30 medical personnel, rectal swab specimens from all patients with sepsis and all healthy preterm neonates in the same ward, and 17 gastric juice specimens. The epicurves showing the infants with infection and the infants with colonization are shown in Figure 1 . A total of 12 isolates from 6 patients (b, c, d, f, g, h) were available for study. These isolates came from cultures of blood, sputum, or rectal swabs. Two rectal swab and two gastric juice isolates were obtained from 2 healthy preterm neonates (A and B). One isolate was obtained from the hands of a nurse. The antibiotic susceptibility patterns of these E cloacae isolates showed that they are only sensitive to ciprofloxacin and imipenem, with partial resistance to ceftazidime. The source of isolates and the PFGE patterns of isolates are shown in Table 1 . No E cloacae were isolated from the environment and equipment. PFGE of the XbaI restriction enzyme digestion products of bacterial chromosomal DNA revealed 3 distinct patterns: I, II, III as shown in Figure 2 . E cloacae strain I was found in 3 of the patients (b, c, and d) with E cloacae sepsis. E cloacae strain II was found in 4 patients (c, d, g, and h), in 2 healthy preterm neonates housed in the same ward, and also from the hands of a nurse. E cloacae strain III was found only in 1 patient (f). As a result of investigation of the outbreak, 3 genotypes of E cloacae Table 1 . Lamda ladder (Bio-Rad; Richmond, Calif) was used as the molecular size marker.
were identified, with 2 of these genotypes responsible for all but one case. In terms of time sequence of occurrence, strain I of E cloacae was followed by strain II. The floor plan of the NICU is shown in Fig 3 .
DISCUSSION
The present study shows that 3 genetically distinct strains of E cloacae were involved in this outbreak of sepsis in an NICU. This finding is consistent with the results reported by Gaston, 1 who found that an increased isolation rate of E cloacae in a particular hospital ward was a result of the presence of multiple strains rather than a single strain. This finding has also been confirmed in other studies, [8] [9] [10] but such reports are rare.
In the present study, strain I and II were the most frequently isolated strains during the outbreak. Two patients (c and d) were infected with both strain I and strain II isolates. Previous studies have also reported dual infection with 2 E cloacae strains. [11] [12] [13] According to the report of Kolar, Latal, and Hajek, 14 E cloacae resistance to cefotaxime increased from 22.9% in 1995 to 49.0% in 1997, and resistance to ceftazidime increased from 16.7% to 47.2%. The selection pressure of these antibiotics increased by 26.5% for cefotaxime and by 40.3% for ceftazidime. Increased resistance to antibiotics is caused by a rapid evolution of the bacterial genome and environmental selective pressure imposed by the frequent use of antimicrobial agents. 15 All infected patients in this outbreak were premature infants or infants with low birth weight (approximately 800 g). These infants were hospitalized from 2-6 months; they had received long-term treatment with antibiotics and total parental nutrition; and they had undergone oro-gastral and endotracheal intubation. It appears that severe debilitation, the suppressive effects of antibiotics usage on the normal bacterial flora, and inadequate medical personnel because of understaffing provided an excellent opportunity for colonization with E cloacae. Development of infection with E cloacae in such patients is likely a combination of risk factors with longer hospital stays, more debilitating underlying illness, and persistent heavy bacterial colonization.
Understaffing and patient overcrowding appear to play an important role in several outbreaks. The Association of Practitioners in Infection Control recommends that available space per patient in the NICU varies between 7.4-9.3 m 2 . Serious overcrowding (more than 20 infants in the NICU) and understaffing (less than 8 nurses) may result in increased cross transmission. 13 By the application of epidemiologic chromosome profiling with PFGE, the present DNA study proves that this outbreak of E cloacae sepsis in an NICU was caused by 2 completely different strains of E cloacae. There were 2 mini-outbreaks that developed sequentially. The scenario suggested that strain I was acquired exogenously by patient "a", which might have spread by the hands of hospital staff to patient "b," and then to "c" and "d." On January 24, 1997, strain II E cloacae colonization occurred in the gastrointestinal tract of patient "c," probably as a result of antibiotic selective pressure. 14 This colonization spread to the gastro-intestinal tract of patient "d" by the hands of staff and aided by antibiotic selective pressure. Finally, strain II disseminated to other patients in the NICU and healthy preterm neonates. The possibility exists that strain II was transmitted among the infants by medical personnel through the fecal-oral route (changing diapers followed by preparing infant formula). This possibility was indicated by results obtained from analyzing the gastric contents of 2 healthy preterm neonates in the same ward. It is likely that strain III was a sporadic occurrence.
Most nosocomial infections, however, cannot be traced to a single common exogenous source or to any of a number of modes of nosocomial transmission. Antibiograms and Analytical Profile Index profiles of the isolates are considerably less discriminatory than molecular techniques. 16 By providing comprehensive feedback from the investigation and through the use of molecular epidemiology of the outbreak as an educational tool, this study underscores the importance of practicing basic infection control procedures at all times, such as hand washing, isolation, and appropriate antibiotic usage. Such principles have contributed to the termination of the outbreaks and helped stop the development of new outbreaks in the hospital despite a shortage of staff and funding.
The present study indicates that the application of molecular technology may change our concepts and attitude to investigate an outbreak. In addtion, this outbreak was caused by multiple strains of E cloacae. Finally, the discrimination power of PFGE is far superior to that of traditional microbiologic methods. The rapid institution of control measures depends on reliable typing data achieved in an appropriate period of time. PFGE is an essential tool for surveillance and control of multidrug-resistant E cloacae outbreaks.
